Introduction
Hepatocellular carcinoma (HCC) is the most prevalent subtype of liver cancer, which is associated with different risk factors, including chronic infections with hepatitis B virus (HBV) or hepatitis C virus, alcohol addiction, cirrhosis, and non-alcoholic fatty liver disease. [1] [2] [3] Certain cellular situations such as tumor microenvironment, hypoxia, oxidative stress and inflammation also contribute to the onset and development of HCC. 1 Accumulating evidence indicated that long noncoding RNAs (lncRNAs) have participated in a lot of biological processes, such as cell proliferation and cell migration, and played important roles in cancer development, progression, and recurrence. [4] [5] [6] [7] Potential molecular mechanisms of lncRNAs in tumor progression are currently of great concern. Considering the key functional roles of lncRNAs in tumorigenesis, discovery of critical lncRNAs in different cancer types will be valuable for developing lncRNA-based diagnostic and therapeutic strategies in the future. 
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In the recent years, some lncRNAs have been shown to be dysregulated in HCC and act as important regulators of HCC development, partially achieved by their spatiotemporally specific expression patterns in different cell types. 8, 9 Up to now, more than 10 lncRNAs have been shown to be increased in HCC. 10 On the contrary, some lncRNAs are decreased in HCC. It was believed that lncRNAs play critical roles in HCC progression and may potentially serve as biomarkers for diagnosis and treatment of HCC. However, the functional roles of lncRNAs have not been fully clarified.
In this research, we profiled lncRNA expression patterns and dysregulation in HCC firstly by analyzing two datasets, GSE55191 and GSE64631, from Gene Expression Omnibus (GEO) database, each of which contains expression profiles of 3 primary HCC specimen and 3 normal liver tissues, respectively. LncRNA 882 (LINC00882) is among the lncRNAs that were detected to be significantly upregulated in HCC tissues. We verified the overexpression of LINC00882 in HCC by using two separate cohorts that contained 85 HCC tissues and paired adjacent noncancerous tissues and 86 HCC tissues and 89 independent noncancerous liver tissues, respectively. We further found that upregulation of LINC00882 is correlated with poorer prognosis of HCC patients. In vitro cell assays demonstrated that knockdown of LINC00882 inhibits proliferation, migration, and invasion of HCC cell lines. These data indicated that LINC00882 promotes HCC progression and is a potential prognostic biomarker and therapeutic target for HCC.
Materials and methods cell culture and gene silencing
The HCC cell lines HCCLM3 and Hep3B were obtained from ATCC and were cultured under the condition of 5% CO 2 at 37°C with DMEM/F12 medium supplemented with 1% antibiotics (100 U/mL penicillin and 100 μg/mL streptomycin sulfates) and 10% fetal bovine serum (FBS; Thermo Fisher Scientific, Waltham, MA, USA).
Three siRNA sequences targeting LINC00882 were designed and synthesized. Transient transfection was carried out in Hep3B, and the one with the best interference efficiency (siRNA-314) was selected to synthesize short hairpin RNA (shRNA) and lentiviral packaging. The sequence information was listed as follows: siRNA-314: 5′-GCTGAGATGTCACATGGCA-3′, siRNA-404: 5′-CCTGCCATCTTATGCAGAA-3′, siRNA-542: 5′-GATCTAATTCAAGTGCCAA-3′. About 2 × 10 5 HCC cells were seeded into 6-well plates 24 hours before infection performance. The medium was replaced with the virus-containing supernatant, which was supplemented with 8 μg/mL polybrene (Genomeditech, Shanghai, People's Republic of China). The medium was replaced with fresh medium again 8 hours after infection. The infected cells were selected using 1 μg/mL puromycin to obtain LINC00882-silenced HCC cells.
Vector construction and lentivirus packaging
The LINC00882 amplification fragment was cloned into the lentivirus vector PGMLV-PA6 (Genomeditech). The specific primer sequences for PCR amplification were as follows: ccgGAATTCAGGCTCGGCGTTGGCCTCC (EcoR I), ccg-GGATCCCTGAATTGCTTTTATTGTTTTGTG (Bamh I). 293FT cells were co-transfected with LINC00882, VSVG and PGMLV using the FuGene transfection reagent (Hoffman-La Roche Ltd., Basel, Switzerland) for lentivirus packaging. The medium was harvested 48 hours later, and the supernatant was filtered to remove cell debris and used for infection.
in situ hybridization
Expressions of LINC00882 in tissue microarrays containing HCC specimen and noncancerous liver specimen were detected by in situ hybridization. Three probes targeting different LINC00882 regions (Ribo™ lncRNA FISH Probe Mix; RiboBio, Guangzhou, People's Republic of China) were synthesized and labeled with DIG-dUTP at the 3′ end. GAPDH probes (lnc110102 h-18S FISH Probe Mix; RIBO Biotech, Guangzhou, People's Republic of China) were used as controls. A scoring criterion, which counts both the staining intensity and the number of positively stained cells, was used for semi-quantification of in situ hybridization. The scoring was graded as 0 (negative), 1 (10% positive), 2 (10%-50% positive) or 3 (50% positive) according to the positively stained proportion and staining intensity of cells. The final scores ranged from 0 to 1, which were regarded as low expression, and scores 2-3 were regarded as high expression. Five representative visual fields were selected randomly by two pathologists to score.
rna isolation and qrT-Pcr
Total RNAs were extracted from the cells using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). One microgram of total RNA from the samples was reverse transcribed using a Reverse Transcription Kit (Bio-Rad, Hercules, CA, USA). Quantitative real-time PCR was performed to detect the relative mRNA levels of LINC00882 and various cancer-related genes using SYBR Green Supermix (Bio-Rad) in the CFX96 Real-Time PCR Detection System (Bio-Rad) according to 
5211
Overexpression of long noncoding rna LINC00882 and hcc the manufacturer's instructions. All tests were carried out in 3 independent experiments. The primers are listed in Table 1 . The quantification analysis for relative mRNA levels of target genes was performed using the relative quantification comparative Ct method.
Western blotting
Western blot analysis was performed to detect the protein expression of proliferation markers and invasive markers according to the methods described in the literature.
cell proliferation, migration and invasion assays
Cell proliferation was analyzed using a Cell-Light™ EdU Cell Proliferation Detection kit (RiboBio). Control or LINC00882 loss-of-function stable cell models, which were labeled with 5-ethynyl-2′-deoxyuridine (EdU), were seeded at 1.5 × 10 5 cells/well in 24-well plates and then fixed with 4% paraformaldehyde. After DNA staining, cellular immunostaining was photographed using an epifluorescence microscope (Leica Microsystems, Wetzlar, Germany).
Wound healing assay was used to assess the migration ability of HCC cells. Cells were seeded in 6-well culture plates and grown to 90% confluence. Vertical wounds in the cell monolayer were created by a 10 μL tip and washed three times with PBS. Gap width was measured by microscopy at the designated time points.
Transwell assay was performed to evaluate the invasion ability of HCC cells. A total of 1 × 10 5 cells in 100 μL of 0.1% serum medium were placed in the upper of transwell cell culture chambers, which were pre-coated with Matrigel (1:8 dilution; BD Biosciences, San Jose, CA, USA), and medium containing 10% FBS was added to the lower chamber. After 24 hours of incubation at 37°C, the invasive cells were fixed with methanol and stained with 0.5% crystal violet. Numbers of invasive cells were counted and photographed using a phase contrast microscope.
statistical analysis
All experiments were independently repeated three times. Statistical analysis was conducted using SPSS v17.0 (SPSS, Chicago, IL, USA) and presented with Graphpad Prism software. Differences between two independent groups were evaluated by Student's t-tests, and differences for multiple comparisons were evaluated by one-way ANOVA. Overall survival (OS) was calculated using the Kaplan-Meier method; p  0.05 was regarded as statistically significant. Data are presented as mean ± SEs.
Results
Mining of dysregulated lncrnas in hcc tissues
In order to identify novel lncRNAs differentially expressed between HCC cancer tissues and noncancerous liver tissues, we explored two GEO datasets, GSE55191 and GSE64631, each of which contains lncRNA expression profiles of 3 primary HCC specimen and 3 noncancerous liver tissues. By combination of lncRNA expression signatures from these two GEO datasets, some lncRNAs were revealed as dysregulated, most of which are not well identified and functionally unknown, such as LINC00882 (Table 2) . LINC00882 was negatively associated with OS in chromophobe renal cell carcinoma. 12 Altered expression of LINC00882 was also observed in lung tissues of patients with chronic obstructive pulmonary disease. 13 To investigate the role of lncRNAs in HCC progression, we focused on LINC00882, which was consistently identified as one of the most upregulated lncRNAs in both datasets ( Figure 1A , p  0.01 in both datasets with 3.2-fold and 2.6-fold, respectively) and functionally unclear in human cancer. 
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To confirm the upregulation of LINC00882 expression in HCC tissues as identified in the GEO datasets GSE55191 and GSE64631, we further detected the expression levels of LINC00882 by in situ hybridization in two separate cohorts, which included 85 HCC tissues and paired adjacent noncancerous tissues and 86 HCC tissues and 89 independent noncancerous liver tissues, respectively. In consistency with the GEO datasets, the in situ hybridization data showed that the transcript level of LINC00882 in HCC tissues was remarkably upregulated compared to that in the adjacent or independent noncancerous liver tissues according to the result of the scores ( Figure 1B ).
high expression of linc00882 in hcc is correlated with tumor recurrence
The HCC patients were divided into two groups according to relative mRNA levels of LINC00882 (Table 3) . By incorporating the LINC00882 expression data with the clinicopathological parameters of the corresponding HCC patients, we performed single-factor statistical analysis to explore the correlation of LINC00882 expression level with various pathological factors in HCC, including sex, tumor numbers, clinical stage, recurrence, cirrhosis, age, tumor size and HBV infection. While expression level of LINC00882 was not significantly correlated with sex, tumor numbers, clinical stage, age, tumor size or HBV infection, high LINC00882 expression was found to be positively correlated with recurrence status ( p = 0.04) and cirrhosis ( p = 0.043) of HCC patients (Table 4) , which indicated that Figure 1 high expression of linc00882 is correlated with poor overall survival of hcc patients. Notes: (A) relative mrna levels of linc00882 in two geO datasets (gse55191 and gse64631), noncancerous liver tissues (con), hcc cancer tissues (hcc). *p  0.05 vs con in each corresponding database. (B) The expression levels of linc00882 were detected by in situ hybridization in two separate cohorts (adjacent and independent cohort). A scoring criterion was used for semi-quantification of in situ hybridization. The final scores ranged from 0 to 1, and scores of 2 and 3 were regarded as low expression and high expression, respectively. representative pictures of different scores are displayed; the upper row is noncancerous tissue and the lower row is hcc tissue. The magnification was 400×. (C) high expression of linc00882 is correlated with poor overall survival of hcc patients. Abbreviations: hcc, hepatocellular carcinoma; geO, gene expression Omnibus; con, control. 
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Upregulation of linc00882 predicts poor prognosis of hcc patients
Further analysis of the correlation between the LINC00882 expression and clinical outcomes of HCC showed that the median OS time was 29 and 48 months in HCC patients with high and low expression of LINC00882, respectively (Tables 5 and 6 , p = 0.043). High expression of LINC00882 predicted poor OS of HCC patients, which indicated that LINC00882 could be a potential prognosis biomarker for HCC ( Figure 1C ). Besides, COX regression analysis showed that the level of LincRNA00881 expression, recurrence and tumor size (3 cm/5 cm) were the risk factors affecting the prognosis of liver cancer patients (Table 7 , p  0.05).
linc00882 knockdown reduces abilities of proliferation, migration and invasion of hcc cells
To investigate the role of LINC00882 in HCC carcinogenesis, the endogenous mRNA levels of LINC00882 were detected in 3 HCC cell lines and normal hepatocytes L02. It was found that LINC00882 was upregulated in 3 HCC cells compared with L02 ( Figure 2A ). Then, LINC00882 was knocked down by infecting HCC cell lines with lentivirus shRNAs targeting LINC00882. Silencing of LINC00882 in the cell lines was confirmed by qRT-PCR ( Figure 2B ). It was worth mentioning that knockdown of LINC00882 resulted in expression suppression of growth markers and matrix metalloproteinases (MMPs) 2 and 9 at both mRNA and protein levels, which suggested that LINC00882 could play important roles in proliferation and metastasis of HCC cells ( Figure 2C and D) . 14, 15 In order to confirm the regulation of LINC00882 on HCC proliferation and metastasis from the cellular functional level, EdU, migration and invasion assays were performed. LINC00882-silenced HCC cells exhibited decreased EdU staining, which suggested decrease in cell proliferation rate ( Figure 3A and C ). An altered transwell assay was used to assess the invasion ability of HCC cells in which chambers were pre-coated with Matrigel to mimic tissue barriers in vivo. Knockdown of LINC00882 resulted in remarkable decrease of number of HCC cells passing through the membrane ( Figure 3B and C) , which indicated damaged invasion ability of LINC00882-silenced HCC cells. The wound healing assay indicated that the migration ability of HCC cells was suppressed by LINC00882 silencing ( Figure 3D ). In conclusion, knockdown of LINC00882 led 
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Discussion
In the recent years, accumulating studies have indicated that lncRNAs, including HULC, lncRNA-hPVT1, UFC1, H19, HOTAIR and MVIH, are dysregulated in HCC and play crucial roles in biological processes involved in HCC progression. These lncRNAs affect proliferation, migration and invasion of HCC cells by regulating variety of cellular processes, including cell cycling, epithelial-tomesenchymal transition, angiogenesis and metastasis. In the present study, we identified differentially expressed lncRNAs in HCC by mining two GEO datasets. We found that 10 lncRNAs were significantly differentially expressed in HCC tissues as compared with noncancerous liver tissues. Most of these dysregulated lncRNAs are not functionally characterized. More efforts are warranted to explore the roles and molecular mechanisms of these lncRNAs in HCC carcinogenesis.
As one of the most profoundly dysregulated lncRNAs in both GEO datasets, involvement of LINC00882 in HCC was not previously reported. Therefore, we chose, in this study, to further elucidate the roles of LINC00882 in HCC carcinogenesis. We first validated upregulation of LINC00882 in HCC by analyzing two separate cohorts containing 85 HCC tissues and paired adjacent noncancerous tissues and 86 HCC tissues and 89 independent noncancerous liver tissues, respectively. Moreover, we found that high expression of LINC00882 was associated with tumor recurrence and poor prognosis of HCC patients, which indicated that LINC00882 may promote HCC carcinogenesis. Functions of LINC00882 in HCC carcinogenesis were then investigated by in vitro functional experiments. Indeed, in vitro cell assays, including cell proliferation assay, wound healing assay and transwell assay, demonstrated that knockdown of LINC00882 distinctly suppressed the proliferation, migration and invasion abilities of HCC cells, suggesting that LINC00882 is critical to tumor growth and metastasis of HCC. In consistency with these results, expressions of proliferation markers Ki-61/PCNA and invasion markers MMP2/MMP9 were suppressed by knockdown of LINC00882, which supported the conclusion that LINC00882 promotes HCC progression.
LncRNAs compete for miRNAs with specific mRNAs, which share common micRNA response elements and therefore regulate expression of these mRNAs. In a future study, we will focus on elucidation of the molecular mechanisms of LINC00882 and biological processes regulated by this lncRNA in HCC carcinogenesis. Bioinformatical tools will be employed to explore potential mRNAs and miRNAs, which are regulated by LINC00882. Briefly, we first plan to identify candidate mRNAs regulated by LINC00882 by evaluating the correlation of LINC00882 mRNA levels in HCC tissues and adjacent tissues. We will then perform GO and KEGG pathway analysis for the coding genes corresponding to these mRNAs to explore the functional categories and signaling pathways involved in HCC carcinogenesis. Potential miRNAs interacting with LINC00882 can be predicted by starBase v2.0 and miRcode, 16, 17 and experimentally 
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Zhu et al validated mRNAs interacting with these candidate miRNAs will be obtained from miRTarBase. 18 Maximal information coefficient algorithms are used to identify the robustness of pair-wise relationships of miRNA-lncRNA and miRNA-mRNA. 19 Last, we will verify regulation of these bioinformatically predicted target miRNAs and mRNAs by LINC00882 and their roles in HCC carcinogenesis by in vitro and in vivo functional experiments.
In conclusion, our findings suggested that LINC00882 may be crucial for HCC cancerogenesis by promoting proliferation, migration and invasion of HCC cells, and high expression of LINC00882 predicts poor OS of HCC patients. More efforts are warranted to unravel molecular mechanisms of LINC00882 and biological processes regulated by this lncRNA in HCC carcinogenesis and to explore the potential of LINC00882 serving as prognostic biomarker and therapeutic target for HCC in the future.
Conclusion
These data indicated that LINC00882 promotes HCC progression and could be a potential prognostic biomarker and therapeutic target for HCC.
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